This study examined the neurobehavioural effects of closed head injury (CHI) in adults aged 50 years and older. Twenty two mild to moderate CHI patients who were within seven months of the injury were administered measures of language, memory, attention, and executive functioning. Compared with demographically similar normal controls, the patients exhibited significandy poorer functioning on the cognitive domains. Naming and word fluency under timed conditions, verbal and visual memory, and the ability to infer similarities were especially vulnerable. These initial findings indicate that CHI in older adults produces considerable cognitive deficits in the early stages of recovery. Future research should characterise long term outcome and the potential links between head injury and the development of progressive dementia. Apart from these studies of global outcome, little is known about cognitive functioning in older CHI patients. An exception is a recent study'0 which examined cognitive performance in patients who were 50-75 years old at the time of their injuries. Seventy patients were administered tests of general intellectual functioning, memory, language, and visuomotor abilities. Mazzucchi and colleagues'0 found that 50% of their patients exhibited generalised deterioration and dementia, whereas only 25% had minimal or no deterioration. Moreover, patients with mild head injuries, ie, no loss of consciousness, Glasgow coma scale" scores of 13-15, post-traumatic amnesia of <1 day, and normal CT head scans were no more likely to have a better outcome than those with severe injuries. Generalised deterioration and dementia were common in both groups with mild and moderate to severe injury. The study of Mazzucchi et al'0 represents an important first step in describing neurobehavioural functioning in the older head injured population. Their research indicates that CHI produces cognitive deficits across the injury severity spectrum. However, one limitation is that Mazzucchi et al did not examine specific cognitive features, such as memory and language. Instead, they made a gross classification of groups according to impairment on any of these measures. Moreover, their patients were tested from six months to three years after injury. Therefore, early neurobehavioural performance was not characterised.
Epidemiological studies reveal a bimodal peak incidence of closed head injury (CHI) in individuals aged [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Apart from these studies of global outcome, little is known about cognitive functioning in older CHI patients. An exception is a recent study'0 which examined cognitive performance in patients who were 50-75 years old at the time of their injuries. Seventy patients were administered tests of general intellectual functioning, memory, language, and visuomotor abilities. Mazzucchi and colleagues'0 found that 50% of their patients exhibited generalised deterioration and dementia, whereas only 25% had minimal or no deterioration. Moreover, patients with mild head injuries, ie, no loss of consciousness, Glasgow coma scale" scores of 13-15, post-traumatic amnesia of <1 day, and normal CT head scans were no more likely to have a better outcome than those with severe injuries. Generalised deterioration and dementia were common in both groups with mild and moderate to severe injury. The study of Mazzucchi et al'0 represents an important first step in describing neurobehavioural functioning in the older head injured population. Their research indicates that CHI produces cognitive deficits across the injury severity spectrum. However, one limitation is that Mazzucchi et al did not examine specific cognitive features, such as memory and language. Instead, they made a gross classification of groups according to impairment on any of these measures. Moreover, their patients were tested from six months to three years after injury. Therefore, early neurobehavioural performance was not characterised.
The present study provided an initial examination of the early neurobehavioural features of individuals who were > 50 years and sustained mild to moderate head injuries. We evaluated abilities which are frequently compromised after CHI in young adults, including expressive language,'2 memory,'3 14 attention,'5 and executive processing.'6 We also compared pre-and postinjury living and employment status in a subset of patients.
Methods

SUBJECTS
Prospective data were collected on 18 men and four women aged ) 50 years who sustained mild to moderate CHI. Patients were recruited from acute care hospitals affiliated with the Emory University School of Medicine in Atlanta and the University of Texas Medical Schools in Galveston/ Houston. Review of medical records and interviews with significant others were conducted to ensure that patients did not have pre-existing or current neurological conditions (for example, cerebrovascular disease, Parkinson's disease, previous head injury), Goldstein, Levin, Presley, Searcy, Colohan, Eisenberg, 3ann, Bertolino-Kusnerik and other medical illness (for example, poorly controlled diabetes, cardiac disease, cancer not in remission for two years) which could compromise cognitive functioning. In addition, patients with histories of drug/alcohol abuse, psychiatric disturbance, or learning difficulties were excluded. We also enquired about a decline during the preceding six months in cognitive functioning, personality, and the ability to perform activities of daily living to screen for pre-existing dementia.17 Table 1 summarises the demographic characteristics of the patients. Eleven patients were working at the time of their injuries, including three who were >t 65 years. Falls produced 50% of the injuries in our sample, a finding that is consistent with the epidemiological literature on older adults. 2 37 18 Sixteen controls who lived in the community were recruited. They were demographically similar to the patients. Identical criteria regarding premorbid and coexisting medical and social conditions were applied in the selection of the controls. Their mean age was 67-5 years (SD 12-5) with an average education of 11 4 years (SD 3 7). Analyses of variance (ANOVA) revealed no significant differences between the groups in age (F [1, 36] function of head injury severity. Marked increases in excitatory neurotransmitters released at the time of trauma have been implicated in the aetiology of neurodegenerative diseases. 38 Roberts and colleagues39 carried out brain necropsies on 16 head trauma patients who died within 10-18 days of injury and found excessive,BA4 amyloid protein deposits, a neuropathological feature of Alzheimer's disease, in six individuals who were 45-63 years old. They argued that it was unlikely that their sample had pre-existing Alzheimer's disease because the prevalence rate is less than 0-01% in people under 65 years of age. Although intriguing, these studies have been based on either retrospective case methodology or neuropathological studies with no concurrent clinical correlation. The prospective study of head injury in those older adults who are carefully screened for coexisting dementia allows a unique opportunity to identify those who exhibit progressive deterioration in neurobehavioural status.
Another area for future research is the establishment of clinicoanatomical relationships in elderly patients sustaining head injuries, particularly the association between frontal lobe lesions and impairments in neurobehavioural functioning. Neuropathological studies of fatal non-missile head injuries indicate that the frontal lobe is the most frequent site of focal lesions.40 MRI of consecutive patients hospitalised for mild to moderate TBI has also shown that the frontal lobe is the most common location for focal areas of increased intensity on T2 weighted scans.'429 The ability to exhibit productive thought and to use feedback to generate hypotheses and shift strategy is an important component of cognitive functioning after head injury. Levin et alf found that disturbances encompassing self-appraisal (for example, an exaggerated self-opinion, overrating ability in comparison with family and clinicians), and planning (poor formulation of future goals) were especially common in patients with severe injuries (GCS < 8) but also occurred across the spectrum. These cognitive and personality deficits result from frontal lobe damage in other neurological populations.42 The generality of a "frontal lobe" syndrome and the sensitivity of tests to focal frontal lobe damage in older patients still need to be established. In addition to Alzheimer's disease, the elderly head injured patient may be vulnerable to the development of a dementia of the frontal lobe type.4344 Behavioural and personality changes such as social withdrawal, unconcern, and disinhibition are prominent early features of frontal lobe dementia, whereas cognitive deficits occur later. Functional imaging techniques such as positron emission tomography will be particularly beneficial in detecting hypofusion in the frontal and temporal regions, and in correlating these changes with neurobehavioural performance.
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